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Abstract 
Constitution 

A method for manufacturing aromatic carbonate esters wherein 
an aromatic hydroxy compound is allowed to react with oxygen and 
carbon monoxide, where said reaction is carried out in a reaction 
system in the presence of ( (A) one or more substances selected 
from palladium or palladium compounds, (B) one or more substances 
selected from manganese compounds, and (C) one or more substances 
selected from inorganic halides such as alkali metal halides and 
alkaline earth metal halides. 

Effect 

A method for efficiently manufacturing aromatic carbonate 
esters is offered that solves problems with catalyst systems that 
have been offered in the past related to cases where reactions 
progress at a sufficiently high initial rate, but stop midway, or 
where hydrolysis of the aromatic carbonate ester occurs due to 
by-product water when a manganese compound is used as an 
auxiliary catalyst, and cases where the reaction rate is 
generally slow when a cobalt compound is used as an auxiliary 
catalyst . 

Claims 

1. A method for manufacturing aromatic carbonate esters 
wherein an aromatic hydroxy compound is allowed to react with 
oxygen and carbon monoxide, said method for manufacturing 



aromatic carbonate esters being characterized in that said 
reaction is carried out in a reaction system in the presence of 
(A) one or more substances selected from palladium and palladium 
compounds, (B) one or more manganese salts, and (C) one or more 
inorganic halides selected from alkali metal halides and alkaline 
earth metal halides. 

2. The method according to Claim 1, wherein the inorganic 
halide is a substance selected from chloride and bromide. 

3. The method according to Claim 2, wherein the chloride is 
cesium chloride. 

4. The method according to Claim 2, wherein the bromide is a 
substance selected from sodium bromide, potassium bromide, 
rubidium bromide, cesium bromide and barium bromide. 

Detailed explanation of the invention 
[0001] 



Industrial application field 

The present invention concerns a method for the manufacture 
of aromatic carbonate esters using special catalysts. Aromatic 
carbonate esters, particularly diphenyl carbonate, are useful as 
raw materials in the production of polycarbonate and other 
substances . 




[0002] 
Prior art 



In the past, methods wherein an aromatic hydroxy compound 
and phosgene are allowed to react have been used as methods for 
manufacturing aromatic carbonate esters. However, these methods 
encounter numerous problems in terms of a method for industrial 
manufacture due to the high toxicity of phosgene and due to the 
fact that large quantities of by-product inorganic salt are 
produced. Thus, a number of methods have been offered that do not 
use phosgene whereby aromatic carbonate esters are manufactured 
in a reaction between an aromatic hydroxy compound, carbon 
monoxide and oxygen. 



[0003] 



With regard to catalysts that are used in such methods, a 
method is described in Japanese Kokoku Patent No. 
Sho 56 [1981] -38144 wherein a palladium compound, a compound 
containing a metal from group IIIA, IVA, VA, VIA, IB, IIB, VIB or 
VIIB of the periodic table and a base are used; a method is 
described in Japanese Kokoku Patent No. Sho 56 [1981] -38145 
wherein a palladium compound, manganese complex, cobalt complex, 
base and desiccant are used; a method is described in Japanese 
Kokai Patent Application No. Hei 1 [1989] -165551 wherein a 
palladium compound, iodine compound and zeolites are used; a 
method is described in Japanese Kokai Patent Application No. 
Hei 2 [1990] -104564 wherein a palladium compound, divalent or 
trivalent manganese compound, tetraalkylammonium halide and 



quxnones are used; a method is described in Japanese Kokai Patent 
Application No. Hei 2 [1990 ] -142754 wherein a palladium compound, 
cobalt compound, tetraalkylammonium halide and quinones are used- 
a method is described in Japanese Kokai Patent Application No. 
Hex 5 [1993] -25095, wherein a palladium or palladium comoound 
cobalt compound, halide and basic compound are used; a method is 
offered in Japanese Kokai Patent Application No. Hei 
5[1993]-97775 (U.S. Patent No. 5,142,086), wherein a catalyst 
composing a palladium compound, quaternary ammonium salt metal 
auxiliary catalyst selected from cobalt, iron, cerium, manganese, 
molybdenum, samarium, vanadium, chromium and copper, and organic 
auxiliary catalyst selected from an aromatic ketone, aliphatic 
ketone or aromatic polycyclic hydrocarbon is used; and a method 
is described m Japanese Kokai Patent Application No. Hei 
5[1993]-58961, wherein palladium or a palladium compound, cobalt 
compound, and alkali metal halide are used. 



[0004] 



However, these methods are not satisfactory for use as 
methods for industrial manufacture due to problems with 
insufficient catalytic activity and low yield of aromatic 
carbonate ester with respect to the aromatic hydroxy compound. 
Based on the supposition that water generated in the reaction 
decreases catalytic activity, and also promotes hydrolysis of the 
aromatic carbonate ester with conventional catalyst systems a 
method whereby a large quantity of desiccant is added in order to 
eliminate the water that is generated (Japanese Kokai Patent 
Application No. Sho 54 [1979] -135744) , a method whereby the water 
is distilled off by distillation of the reaction products 



(Japanese Kokai Patent Applicacion No Hei 4 (1992 ] -261142) and 
other preventative methods have been offered. However, the 
effects of these methods have been inadequate. 

[0005] 

Problems to be solved by the invention 

results^of 111 "" 0 " °' ^ PreSSnt inVSnti ° n " al " b ^ « 
results of investigations into addition formats and other 

conventional technology wherein phenol is used as a substrate 

discovered that when a manganese compound is used as catalyst 

the initial reaction progresses at a satisfactory rate, bufsiows 

:iT:i r is of the aromatic car °° nate — ^ sdu :\: 

rats are s o S 9enSrated ' " "* di ™* d action 

rates are slow in general when cobalt compounds are used as 

oTLxr"?"- : he present invencion soi - s ^ 

oLrTr t o' r tt^IIiLT T"* * ™ 

r cne ef ficient manufacture of aromatic 

carbonate esters. 
[0006] 

Means to solve the problems 

Specifically, the present invention is a method for 
manufacturing aromatic carbonate esters wherein an aromatic 
hydroxy compound is allowed to react with oxygen and carbon 
monoxide, said method for manufacturing aromatic carbonate esters 
being characterized in that said reaction is carried out in a 



reactxon system in the presence of (A) one or more substances 
selected from palladium and palladium compounds, (B) one or more 
manganese salts, and ( C ) one or more inorganic halides selected 
from alkali metal halides and alkaline earth metal halides. 

[0007] 

1. Reaction raw materials 
1) Aromatic hydroxy compound 

The aromatic hydroxy compound that is used in the present 
invention is an aromatic mono- or polyhydroxy compound. Examples 
include phenol; p-cresol, 2,6-xylenol, 2 . 4, 6-trimethylphenol 
2,3,4,5-tetramethylphenol, ethylphenol, propylphenol 
methoxyphenol, ethoxyphenol , chlorophenol , 2 , 4-dichlorophenol 
bromophenol, 2 , 4-dibromophenol and other substituted phenols and 
isomers thereof; naphthol, 2-methylnaphthol , 2-ethylnaphthol 
2-chloronaphthol, 2-bromonaphthol and other substituted naphthols 
and isomers thereof; 2 , 2-bis (4-hydroxyphenyl) propane and various 
other bisphenols and stereoisomers thereof; 4, 4 ' -biphenol and 
various other biphenols and stereoisomers thereof; 
4-hydroxypyridine and various other he tero aroma tic hydroxy 
compounds and stereoisomers thereof; as well as compounds thereof 
produced by substitution with alkyl groups or halogen atoms. Of 
these compounds, phenol is particularly desirable 



[0008] 

(2) Carbon monoxide 



can be a T7* m ° n ° Xide thSt 15 ^ Ch£ P — 

sltance A " * ""^ « Uh * ^igh-ourity 

e t a r nfl 9 ic with another »- *»• - . 



[0009] 

(3) Oxygen 



,as tZl OXy9S " th3t 15 USed P-sent invention can be a 

influence on the reaction , " dstrime "^ 

dioxide or hydro jn " " ^ 



[0010] 

2 . Catalyst 

(A) Palladium and palladium 



compounds 



The palladium and palladium compounds that are used in the 
present mention are palladium blac* ; palladium/carbon 

I Z Z? ^^'^ « other palladium/porous 

careers systems,- palladium chloride, palladium bromide 
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PalladlU " i0dlde ' P»lUdi«» «l£a t e, palladium nitrate or other 
ln or g palladium salcs; ^ panadium acetat ^ ^ 

sut\ " " ° r9aniC Palladi ™ »".. In addition, 

substances that can also be used include palladia ,n, 

acetylacetcnate, palladium complexes produced by the coordination 
of carbon monoxide , ^ ^ on 

pa ladium. examples of which include PdCl 2 , PhCN, 2 , PdCl 2 (PP hj , 
P d CO, ( PPh3,„ CPd (N „3 )4j Cl 2 , andPd,c 2 H ))( PPh j)2 , ormix "st 
palladium w lth compounds generated by these complexes in the 
reason system. The amount of palladium component that is used 
in the reaction has no particular restrictions, but a mole ratio 
m the range of ! to 10- with respect to the aromatic hydroxy 
compound „ desirable, with a range of 10- to 10- being 
particularly desirable. 



[0011] 



(B) Manganese salt 

wMch ^ h " " triV3lent "°<»«»— -It, examples of 

wh.cn include manganese (I l> fluoride, manganese chloride 
manganese (II, bromide , ^ 

sulfate, manganese ,11, carbonate, manganese <II, nitrate and 
other ^organic salts; manganese ,H, formate, manganese (II, or 
HI) acetate, manganese (n, butyrate and other organic acid 
salts; manganese (II, or (III, acetylacetonate , complexes 
produced by the coordination of carbon monoxide, nitriles 
amines, phosphines or olefins on these salts; and mixtures of 
manganese salts and compounds formed in the reaction system by 



these complexes. Therp *r-o ™ 

amount of Particular restrictions on the 

,. ge or 1U to 10 with respect to the 

paxiaaium component tA) i e ^v^^ 

, . . C (A) 13 Preferred, with a range of 10" 2 to 10 

being particularly desirable. 



[0012] 

(C) Inorganic halide 



The halide that is used in the present invention is an 
al.au „ M or alkaline earth metai haiid ^ on x . 

preferable halides include chlorides and bromides 1 «!» 

junctions on the amount of inorganic halide h ha n • 

desirahl* t • 10 being Particularly 

of^To' /will Pr6f ^ ^ ^ - - 
compound, with a range of l 0 -3 ^ ^ 

desirable. 10 being P ar ^ularly 



[0013] 

3. Reaction method and conditions 



(A) -(C) into the reacts 

-noxide and oxygen an ' f 1 "'""^ «» «Vt« with carbon 

stirring well Zl l'Jt Z CarrylnS rSaCCi0n 
-tal pressure. w lth ^ rano is 1-500 at m 
oxygen partial pressure s 0 ! 6 T The 
being preferred, if che " 5 " lth * ran ^ <* 0.5-2 at* 

"action between the arol^T^ """^ t0 ° 

occur in conjunction 21 " ^ C ° mP ° Unt3 ^ ^ 
j "«ion, which is undesirable. 



[0014] 



~ *r: 3;^ii:r: a tt c rfrr and ™ - - 

effective to dilute thf h """*■ """^ ifc " * ls ° 
have a ^i^ ^J^^ ^ ^ ^ *~ >»<= 

for the amount of dJLe nc gas ToT " 
carbon ra onoxide and oxygen partL^!—^ ^ ""^ **• 
reaction gas composition cal^ h PrSSSUres to ^crease. The 
combustion range chan" T I """"tUcUy defined, as the 
»d dizuent gas but o rd i " ' °* 

excess, with'the o^I ^1 m T * ^ in 

Pressure, and the dff " h reSPe " t0 Che ^"l 

total assure n add^L^h" ^ ^ ^ * «- 

dieted as the reaction ^ °' 

certain times, ol lZlJ^T*' ^ « 

SW iied c-t^ 1 r^ ie 9 ^^t , tr o ' iti - can be 

-mature is in the range of ^ ^ ^^onT """" 

xae reaction time varies 
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depending on the reaction conditions, but is ordinarily a few 
minutes to a few hours. 

[0015] 

Examples of solvent that can be used in the reaction include 

chloride, chloroform, chlorobenzene. diethyl ether, diphenyl 
ether, tetrahydrofuran. dioxane ethyl acetate, methyl formate 
acetomtrile and other inert solvents. There are cases where che 
raw material aromatic hydroxy compound serves as the reaction 
solvent, and it is not particularly necessary to use another 
solvent in such cases. After completion of the reaction, the 
reaction mixture is subjected to filtration as is in order to 
separate the solids. Hi g h- P urity aromatic carbonate can then be 
purr red and isolated by means of a purification method such as 
fractionation purification or crystallization. Moreover, the 
catalyst component that is obtained as filtrant or as 
distillation residue can then be recovered and used again in 
subsequent reactions without modification 



[0016] 

Application examples 



The present invention is described in detail below by 
providing application examples and comparative examples. 



Application Example i 
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1.88 g (20 mmol) of phenol , 21A mg Q 
palladium/carbon, 2 5 mrr m n i , „ 

, ' ^ b mg (1 ° Mmol) of manganese (II) acetate 

40 * It lnC ° 3 HaStell ° y aUt ° ClaVe With - T volu- of 
Iodide r PlaCin9 interi ° r ° f Che -rbon 

r; : i e /;:t ~ de was int ~ ~ ^ « 

cect at 5 atm (oxygen partial pressure 1 atm) and th* 
r ea Ct t by stirring ^ 3 h ^ K ^ t 

::r;:; o : c :i d t re r on * the sas pha - - ^ 

with resDect t-n t-^^ u , (0.40 mmol 

y products of o- and p-bromophenol were not seen. 



[0017] 



Comparative Example i 



Ann! ^ r aCti ° n CarriSd ° Ut in thS Same ™*™*r as in 

Application Example 1 w-it-h ^ a 

was not used. The Lull H P ^ 

o , rESUlts Seated chat although by-products of 

IZJ T no1 were not seen ' the ° f ^1 

carbonate was [only] 0.2%. 
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roois] 

Comparat ive ExamnlA o 

A reaction was carded out- t-u 
jv i • . KU ouc ln the same marner a<? in 

Application Example 1 -,i^ ^ 

"bait (XX) acetate et ! " eXCeP " 0n th " 2 - 5 <« M»ol, of 

although by-pLducts oV I indi "" d th « 

phenyl ca r L n a Cs ".L ^^s^ -»«= ««. the 

Mte yiela was [only] 1.01%. 

[0019] 



Application Example 2 -5 



A reaction was carr-'ed o„i- in „>, 
Application Exa.pie x ^ the . r " 

-nganese salts L m in ^le i " ^ V " i ° U " 

<«) acetate tetranyla^e t e * ^ ™f f""* ° f — 

aspect to phenol al ^Phenyl carbonate with 

shown in Table r T. ^ °' are 
n „ n - "V-P™*"** of o- and 

p-bromophenol were not seen. 



[0020] 
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Table I 
//insert from p. 4// 



Key: 1 Application Example 

2 Manganese salt 

3 Diphenyl carbonate yield 

4 Carbon dioxide 

5 Manganese (Hi) acetate dihydrate 
Manganese (II, benzoate tetrahydrate 
Manganese (in, acetylacetonate 
Manganese (II) acetylacetonate dihydrate 
Manganese (II) fluoride 

[0021] 

Applicat ion Examnles 7-11 

A reaction was carried out- -in 
. . . . iea out ln the same manner as in 

£pUc.t«m Example 1, with the ^ 

dlP he ny l carbonate with respect fco phenol ^ ^ 



by-product carbon dioxide *r- a ~u 

uioxicte are shovm m Table II. i n each ^m^i 
no by-products of n ^ example, 
x v oauccs ot o- and p-bromophenol were seen 



[0022] 



Table II 

//insert from p. 4// 



Key: 1 Application Example 

2 Inorganic halide 

3 Diphenyl carbonate yield 

4 Carbon dioxide 

[0023] 

Application ExanrolP 12 



A reaction was carried 0111- in 

• „. iea out ln th e same manner as in 

AppUca tlon Example X , with the « 

^"u.. was changed t o 100 -c. The results i^lTZT 
diphenyl carbonate yield of 2 in ^ ^ seated a 

by-product was 0 17 J 1 although carbon dioxide 

werl seen ^ b ™ Ucts <>f o- or p-bromophenol 



[0024] 
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Application Example 13 



A reaction was carried out in the same manner as in 
Application Example 1, with the exception that 2.2 mg 
(10 W atom M) of palladium acetate was used 

21-4 ms of 5% palladium/carbon. The results indicated a diphenyl 

carbonate yield of 2 41* ai-u , aipnenyi 

0 67 mm o! u Although carbon dioxide by-product was 

u.b/ nunol, no bv-Drodurtc n f ^ ai 
oy products of o- or p-bromophenol were seen. 



[0025] 

Application Example u 



A reaction was carried rmt- in 

uarriea out m the same manner as in 

Application Example 1, with the exception that carbon monoxide 
was introduced at 30 at* rather than at 60 atm. The rell" 
indicated a diphenyl carbonate yield of 2.22%. Althou^ caLn 
dioxide by-product was 0.3 6 mmol, no by-products of a - or 
p-bromophenol were seen. 



[0026] 

Applicat ion Example k 



A reaction was carried out in the same manner as in 
AppUcatzon Example 1, with the exception that, after initiation 

extitir \ a procedure was repeated wh - in « ~ 

extracted every hour, and after replacing the interior of the 



ITIZ TTr rb ° n m ° nOXide - C3rb0n m0n0Xide ~ -"educed at 
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